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Objectives:  To  describe  the  speciﬁcities  and  complications  of thyroid  surgery  in children  and  adolescents.
Material  and  methods:  This  retrospective  study  was  based  on  64  patients  under  the  age  of  18 who
underwent  thyroid  surgery  between  January  2004  and  March  2012,  with  two  operations  in  one case.
The following  data  were  analysed:  anatomical  variants  of the recurrent  laryngeal  nerve,  postoperative
recurrent  laryngeal  nerve paralysis  rate,  postoperative  hypoparathyroidism  rate,  and histological  results.
Results:  Two  cases  of  right  non-recurrent  inferior  laryngeal  nerve  were  observed  (2.2%  of the  93  recurrent
laryngeal  nerves  dissected).  One  case  of persistent  left  recurrent  laryngeal  nerve  paralysis  was  observed
(1.1%)  despite  intraoperative  recurrent  laryngeal  nerve  monitoring.  Eight  cases  of immediate  postopera-
tive hypocalcaemia  were  observed  (23.5%  of  the 34 total  thyroidectomies)  and  permanent  hypocalcaemia
was  observed  in  5  cases  (14.7%)  with  a signiﬁcantly  lower  immediate  postoperative  serum  calcium  than
in  the  case  of  transient  hypocalcaemia  (P = 0.035).  Among  the  11 patients  operated  for familial  medullary
thyroid  carcinoma  (MTC),  36.3%  presented  one  or more  sites  of C-cell  carcinoma.  Among  the  32  patients
operated  for  thyroid  nodule,  6.3%  presented  papillary  adenocarcinoma.  Histological  results  were benign
in all  other  cases.
Conclusions:  Thyroid  surgery  in children  and adolescents  is part  of  global  multidisciplinary  management
of  thyroid  disorders  in children.  Recurrent  laryngeal  nerve  paralysis  is a rare  complication,  but may  occur
despite  the use  of intraoperative  recurrent  laryngeal  nerve  monitoring.  Permanent  hypoparathyroidism
is  the most  common  complication  and  is  correlated  with  immediate  postoperative  serum calcium.  Sys-
tematic  prophylactic  total  thyroidectomy  in patients  with  a RET  proto-oncogene  mutation  allowed  early
diagnosis  of  MTC  in  one-third  of  cases.  In view  of the  low  rate  of  malignant  nodules  in our series,  the
malignant  thyroid  nodule  rates reported  in  children  in  the  literature  may  be  overestimated.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Thyroid disease in children and adolescents is dominated by four
ain entities:
thyroid nodule, with a higher malignancy rate compared to adults
in the literature [1];
toxic multinodular goitre (MNG);
Graves’ disease with inconstant efﬁcacy of medical treatment [2];
∗ Corresponding author. Tel.: +33 4 67 33 68 04; fax: +33 4 67 33 67 28.
E-mail address: mohamed.akkari.orl@gmail.com (M.  Akkari).
http://dx.doi.org/10.1016/j.anorl.2013.11.009
879-7296/© 2014 Elsevier Masson SAS. All rights reserved.• familial medullary thyroid carcinoma (MTC) due to a RET proto-
oncogene mutation [3].
This disease must be managed by a multidisciplinary team
composed of paediatric endocrinologists, geneticists, radiologists,
otorhinolaryngologists, paediatric anaesthetists, pathologists, pae-
diatric oncologists, and nuclear medicine physicians. Surgical
indications must be deﬁned after discussion between a paediatric
endocrinologist and a surgeon specialized in thyroid surgery [4].
The surgical procedure comprises several speciﬁcities in terms of
technique and postoperative complications [5,6].
The objective of this study was  to describe the speciﬁcities
of thyroid surgery in children according to three axes: recurrent
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aryngeal nerve complications, parathyroid complications, and his-
ological results.
. Materials and methods
This was a single-centre retrospective study conducted on all
atients under the age of 18 years who underwent thyroid surgery
n our institution from January 2004 to March 2012. Sixty-four
atients were included and a total of 65 surgical procedures were
erformed.
The indication for surgery, after obtaining a paediatric
ndocrinology opinion, was the presence of an isolated thyroid
odule in 32 cases (49.2%) (with a family history of papillary thy-
oid carcinoma in one case), toxic multinodular goitre in 8 cases
12.3%), and Graves’ disease poorly controlled by medical treatment
n 14 cases (21.5%). Prophylactic thyroidectomy was  performed in
1 cases (16.9%) with a family history of MTC  and harbouring a RET
roto-oncogene mutation, among the families regularly followed
y our institution’s genetics team.
The surgical procedure performed was enucleation (9.2%),
obectomy with isthmusectomy (38.5%), total thyroidectomy
44.6%), or total thyroidectomy and lymph node dissection (7.7%).
he recurrent laryngeal nerve was identiﬁed by using a binocu-
ar magnifying glass and intraoperative recurrent laryngeal nerve
onitoring was performed for 61.5% of patients.
Patients had a mean age of 12.5 ± 0.7 years with a female pre-
ominance (75%). The distribution according to age and disease is
resented in Fig. 1. The mean age was 59.3 ± 46.7 months (range:
3 to 164) in the prophylactic thyroidectomy for MTC  group,
3 ± 2.3 years (range: 8 to 15) in the MNG  group, 14.3 ± 2.2 years
range: 7 to 17) in the isolated thyroid nodule group, and
5.1 ± 2.1 years (range: 10 to 17) in the Graves’ disease group.
The following data were collected: intraoperative ﬁndings of
natomical variants of the recurrent laryngeal nerve, presence of
ecurrent laryngeal nerve paralysis postoperatively and at long-
erm follow-up, presence of hypocalcaemia postoperatively and at
ong-term follow-up, and histological results.
All patients were followed by a paediatric endocrinologist for
anagement of hormone replacement therapy following total
hyroidectomy and for treatment of any postoperative hypocal-
aemia. Patients with malignant thyroid disease requiring adjuvant
adioactive iodine therapy were referred to our institution’s nuclear
edicine department.
ig. 1. Patient distribution according to age and histology. MTC: medullary thyroid
arcinoma; MNG: multinodular goitre.Fig. 2. Recurrent laryngeal nerve monitoring using a speciﬁc probe with integrated
electrodes. Arrow showing the electrodes positioned in the glottis.
All statistical tests were performed with SAS Statview® for
Windows software. Due to the small sample size, non-parametric
statistical tests were used to compare quantitative data. The Mann-
Whitney–Wilcoxon test was  used with a limit of signiﬁcance of 5%
(P < 0.05).
3. Results
3.1. Recurrent laryngeal nerve complications
A total of 93 recurrent laryngeal nerves were dissected, with
intraoperative electromyography of the thyroarytenoid muscles in
63 cases. Two cases of non-recurrent right inferior laryngeal nerve
were observed (2.2%), arising from the vagus nerve at the level of
the superior pole of the thyroid.
A speciﬁc endotracheal tube with integrated electrodes (Xomed
NIM monitoring system, Medtronic Xomed Instrumentation, Saint-
Aubin-le-Monial, France) was  used in children over the age of
8 years (Fig. 2) and three monitoring techniques were used in chil-
dren under the age of 8 years:
• placement of electrodes in each vocal cord by direct laryngoscopy
after intubation (Fig. 3);
• placement of electrodes in the vocal cords through the thyroid
cartilage after dissection of its anterior surface;• visual monitoring by nasal endoscope introduced through a
laryngeal mask (Fig. 4).
Fig. 3. Recurrent laryngeal nerve monitoring by placing electrodes in each vocal
cord by direct laryngoscopy.
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Only one case of permanent left recurrent laryngeal nerve paral-
sis was observed (1.1%) in a 13-year-old patient undergoing total
hyroidectomy for Graves’ disease, despite intraoperative recurrent
aryngeal nerve monitoring by electrodes integrated into the endo-
racheal tube. The recurrent laryngeal nerve was  identiﬁed and
id not present any particular anatomical variant. It responded to
.40 mA  stimulation at the beginning of operation, but no longer
esponded to stimulation at the end of the operation.
.2. Parathyroid complications
Serum calcium was systematically assayed on the day after the
peration. Of the 34 patients treated by total thyroidectomy, 8
resented immediate postoperative hypocalcaemia (23.5%), which
ersisted 6 months or longer after the operation in 5 cases (14.7%).
The characteristics of these patients are summarized in Table 1.
hyroid surgery was performed for Graves’ disease in 50% of these
ases. Mean serum calcium on day 1 was 1.98 mmol/L in the
ransient hypocalcaemia group versus 1.63 mmol/L in the perma-
ent hypocalcaemia group. Statistical comparison between these
wo groups using the Mann-Whitney–Wilcoxon test demonstrated
 signiﬁcant difference (P = 0.035). All of these patients received
eplacement therapy including calcium and vitamin D and follow-
p was ensured by a paediatric endocrinologist.
able 1
haracteristics of patients with postoperative hypoparathyroidism.
Patient Disease Age at time of
surgery (years)
Type of operation 
1 Malignant nodule 7 TT + lymph node pr
2  MNG  14 TT 
3  MNG  8 TT 
4  Graves’ disease 17 TT 
5  Graves’ disease 17 TT 
6  Graves’ disease 16 TT 
7  Prophylactic treatment for
familial MTC
1 TT 
8  Graves’ disease 17 TT 
NG: multinodular goitre; MTC: medullary thyroid carcinoma; TT: total thyroidectomy.by nasal endoscopy through a laryngeal mask.
3.3. Histological results
Nine patients in the prophylactic thyroidectomy for MTC group
harboured a mutation of exon 11 codon 634 (NEM 2A), and 2 har-
boured a mutation of exon 13 codon 790 (isolated familial form).
Histological examination revealed the presence of 1 or more sites
of C-cell carcinoma (36.3%) in 4 of these patients, the youngest of
whom was 28 months old. Three patients presented C-cell hyper-
plasia (27.2%), and 4 patients presented normal thyroid histology.
In the group of patients with an isolated thyroid nodule, 2
patients presented papillary adenocarcinoma (6.3%), including 1
patient with a family history of papillary adenocarcinoma. The his-
tological results were benign (hyperplasia, adenoma, thyroiditis) in
all other cases.
No malignant disease was  revealed in the MNG  and Graves’ dis-
ease groups.
4. Discussion
Thyroid disease in children and adolescents must be managed
in centres equipped with adequate technical facilities (paediatric
operating room, nuclear medicine department), and adapted med-
ical resources (paediatric endocrinology, genetics). Thyroid surgery
in children and adolescents performed by surgeons specialized in
Immediate postoperative
serum calcium (mmol/L)
Course Follow-up (months)
ocedure 1.85 Permanent 6
1.64 Permanent 90
1.29 Permanent 103
1.56 Permanent 82
1.95 Transient 47
2.07 Transient 38
1.84 Permanent 92
1.91 Transient 89
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his type of surgery improves the results and decreases the com-
lication rate [4]. Surgical difﬁculties are essentially related to
dentiﬁcation of the recurrent laryngeal nerve, which is smaller
han in adults. The use of a magnifying device (binocular magnifying
lass or operating microscope) ensures more reliable identiﬁcation
f the nerve [7].
Few publications have been speciﬁcally devoted to iatrogenic
omplications of thyroid surgery in children and adolescents
7–10]. According to Burke et al. [8], the risk of postoperative
omplications is the same as in the adult population. Recurrent
aryngeal nerve paralysis is a rare complication, with rates ranging
rom 1% [2] to 18.8% [5] in paediatric series and with heterogeneous
esults according to the composition of study populations (thyroid
ancer, Graves’ disease). In adults, the risk of recurrent laryngeal
erve injury is increased in the presence of an anatomical variant,
specially non-recurrent inferior laryngeal nerve. This anomaly is
bserved on the right side in 0.5 to 1% of the population and is
uch rarer on the left side (0.04%) [11]. No data are available in
he literature concerning this anatomical variant in children. In our
eries, 2.2% of dissected recurrent laryngeal nerves presented this
nomaly, but systematic identiﬁcation of the nerve with a binocu-
ar magnifying glass avoided any nerve injuries in these patients.
he other reported risk factors are a history of thyroid surgery,
urgery for Graves’ disease or large retrosternal goitre, and his-
ory of radiotherapy or radioactive iodine therapy [12]. The value
f recurrent laryngeal nerve monitoring has been demonstrated in
dult thyroid surgery and several studies have conﬁrmed its value
n paediatric populations [12,13]. White et al. [12] attributed a triple
ole to recurrent laryngeal nerve monitoring: aid to identiﬁcation
f the recurrent laryngeal nerve, aid to dissection, especially in
ifﬁcult surgical conditions, and prognostic role for postoperative
ecurrent laryngeal nerve function. The use of nerve monitoring
ailed to prevent this complication in the case of recurrent laryn-
eal nerve paralysis observed in our series. However, the prognostic
alue of this technique was veriﬁed, as absence of response of
he nerve to stimulation at the end of operation was effectively
orrelated with postoperative recurrent laryngeal nerve paraly-
is. Several speciﬁc recurrent laryngeal nerve monitoring probes
re now available on the market (Xomed NIM monitoring sys-
em, Medtronic Xomed Instrumentation, Saint-Aubin-le-Monial,
rance) with an inner diameter of 6 mm and an outer diameter of
.8 mm.  These probes therefore cannot be used in children under
he age of 8 years. In addition to the 3 techniques used in this series,
 other devices are also available on the market: a device com-
osed of an electrode plate that is placed in a retrocricoid position
y direct laryngoscopy after intubation (Neurovision Medical, Ven-
ura, California), and another device composed of a self-adhesive
late of surface electrodes that can be pasted onto the endotracheal
ube regardless of its diameter (Neurovision Medical).
One of the most commonly reported complications of thyroid
urgery is hypocalcaemia due to damage to the parathyroid glands.
he various aetiologies proposed in the literature include absence
f identiﬁcation of the gland resulting in unintentional resection
14], devascularization of the gland during dissection, transient
aemodilution, release of calcitonin by manipulation of the thyroid
land, and hungry bone syndrome [9]. The possibility of reimplan-
ation of the parathyroid glands to limit the risk of hypocalcaemia
as been described [6]. Hypocalcaemia may  be either transient or
ermanent, deﬁned by persistence of hypocalcaemia more than
 months after surgery. Permanent hypoparathyroidism is directly
orrelated with the number of parathyroid glands preserved during
urgery [6]. In paediatric series, permanent hypoparathyroidism
ates range from 5.5% to 25% [5]. According to Sugino et al.
15], this complication is equally frequent in children and adults.
he hypoparathyroidism rate observed in our study was  14.7%,
hich is in agreement with the data of the literature. Risk factorsgy, Head and Neck diseases 131 (2014) 293–297
identiﬁed by McHenry et al. [16] were surgery for Graves’ dis-
ease and central compartment neck dissection, in line with the
ﬁndings of our study, as 50% of cases of immediate postopera-
tive hypocalcaemia were observed in patients operated for Graves’
disease. The other reported risk factors are malignant thyroid
tumours and history of thyroid surgery [17]. In the present series,
cases of transient hypoparathyroidism were correlated with less
severe immediate postoperative hypocalcaemia with a signiﬁcant
difference compared to cases of permanent hypoparathyroidism
(P = 0.035). However, these results must be interpreted cautiously,
as comparison of small sample sizes is associated with a risk of sam-
pling ﬂuctuation. However, in a population of adult patients, Alufﬁ
et al. [18] demonstrated that serum calcium less than 7.5 mg/dL
(1.88 mmol/L) during the ﬁrst 24 h was a reliable prognostic fac-
tor for permanent hypoparathyroidism, similar to the tendency
observed in children in the present series.
The association of familial forms of MTC  with RET proto-
oncogene mutation was ﬁrst demonstrated in 1993 [19]. The value
of genetic screening of all family members has been clearly demon-
strated [3]. However, there is an ongoing debate concerning the
optimal age for prophylactic surgery as a function of the type of
mutation. In our series, RET gene analysis was performed in 11
patients with a family history of MTC. Two  patients presented a
mutation in exon 13 codon 790 and the other patients presented a
mutation in exon 11 codon 634. The detection of MTC  in 4 (36.3%)
of these 11 patients is consistent with the data of the literature.
Similarly, the discovery of sites of MTC  in the operative specimen
in a 28-month-old child constitutes another argument in favour of
the absence of a lower age limit to propose this procedure.
Isolated thyroid nodules in children and adolescents have been
the subject of several studies, which demonstrated the low inci-
dence of these nodules: about 20 per 1000 children [20], versus 5
per 100 adults, and a higher malignancy rate of about 20% [1], and as
high as 43% for the Canadian Pediatric Thyroid Nodule Study Group
(CaPTN Study Group) [21]. The main histological type observed in
this setting is papillary carcinoma [22]. The 6.3% malignancy rate
observed in our series is much lower than the rates reported in
the literature. One possible explanation is the heterogeneity of
published series, some of which included cases of MTC. Another
explanation is a possible selection bias, recognised by some authors
[21,23], as published series only concern surgical patients and do
not take into account children with a non-operated thyroid nodule.
The CaPTN Study Group [21] therefore suggested that its thyroid
nodule malignancy rates might be overestimated. These results
raise the question of possible surveillance of certain nodules that
would have previously been operated. Roy et al. [23], in a retrospec-
tive study on a paediatric population of 207 cases, demonstrated 3
signiﬁcant predictive factors of malignancy (out of an initial selec-
tion of 16 factors): presence of a family history of thyroid cancer,
palpable cervical lymph nodes, and a hypoechogenic nodule. The
Société Franc¸ aise d’ORL et de Chirurgie de la Face et du Cou report
[24] added the concept of nodule size to these clinical criteria, by
proposing simple surveillance of nodules measuring less than 1 cm
in the absence of other risk factors. Fine needle aspiration cytology
can help guide treatment decisions, but the results of this technique
are less reliable than in adults [23]. The limitations of ﬁne needle
aspiration cytology in children [21] are that it is a technically more
difﬁcult procedure due to the speciﬁc anatomy of young patients,
the need for sedation, and the need for histological examination
by an experienced team due to morphological differences that can
lead to false-negative results [25].5. Conclusion
Thyroid surgery in children and adolescents must be part
of global multidisciplinary management. The complications of
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hyroid surgery are essentially postoperative hypocalcaemia fol-
owing total thyroidectomy (23.5%), which can be permanent
14.7%), and more rarely recurrent laryngeal nerve paralysis (1.1%),
hich cannot always be avoided by the use of recurrent laryngeal
erve monitoring. This study also conﬁrms the value of prophy-
actic surgery in patients with RET proto-oncogene mutation with
o lower age limit, and revealed a relatively low malignancy rate
n the case of isolated thyroid nodule in children compared to the
ata of the literature.
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